Though the risk of bladder cancer for employment in the aromatic amine industry was reported as early as 1898 (Matanosky & Elliott, 1981) , their production continued for several decades thereafter. Workers of a dyestuff factory in the district of Turin (Northern Italy) were exposed to naphthylamines, benzidine and other chemicals up to 1970, when a hospital based study showed 23 cases of malignant neoplasms of the bladder among these workers (Rubino & Coscia, 1973) . Mortality of the whole cohort of workers employed in this factory between 1922 and 1970 (n=906) was followed up thereafter. A descriptive epidemiological paper has been previously published, showing an approximately 30-fold increased mortality for bladder cancer (based on 36 deaths) and a 50% elevated death rate for all causes (Rubino et al., 1982) . Furthermore, those data showed a markedly increased risk (more than 60-fold, based on 5 deaths) in workers involved in production of fuchsin and safranine T.
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The information available on these workers has recently been updated to the end of 1981 to obtain a total of 16,222 man years at risk (12,302 in workers exposed to aromatic amines), and 41 bladder cancer deaths. Thus, the data of this cohort provide one of the few examples of human carcinogenesis where the number of excess cases is large enough to permit evaluation of the effects of age, duration of exposure and time since last exposure under various models of carcinogenesis.
Subjects and methods
Characteristics of the study cohort The cohort comprised all men who had worked for at least one year in the factory between 1922 and 1970. Among these men (919), 10 who had died and 3 who had not been traced before 1946 For the present report, follow-up was updated to December, 1981, giving a total number of 284 deaths (41 from bladder cancer), and 16,222 manyears at risk (12,302 among exposed subjects). Exclusion of untraced subjects (38; 4.2%) from computation of man-years at risk is unlikely to have materially influenced any of the results, as this accounted for 130/12,302 (1.1%) man-years among exposed subjects.
Data analysis and models of risk All the analyses presented refer to the period 1946-81. The expected number of deaths from bladder cancer and all other causes (Table I) were computed using national mortality rates for each five year calendar period and age group (ISTAT, 1955-83 bThese workers were excluded from any other analysis, including the other variables and total in Table I .
Only the date of death and not the actual date of diagnosis was available to us. As retirement or change of job may in some cases have been due to the disease itself, deaths that occured within three years of stopping exposure were considered together with those during exposure. Changing this interval to two or four years did not materially change any of the results.
Two general models (Breslow et al., 1983) were considered for the cancer death rates in workers exposed to aromatic amines. These were, first, the multiplicative (or relative risk) model
( 1) where 0 
with variables defined as above, and MYik) defined as the total number of man-years in the category K.
In this model, each facfor is assumed to act multiplicatively on the excess risk, and the resulting product then adds to the expected number in the general population.
In general, as pointed out by Brown & Chu (1983) , only the absolute excess risk measure discriminates quantitatively between early and late stage carcinogens when examining excess risk patterns while exposure continues. However, since the main feature of this cohort is the possibility of considering also the effect of cessation exposure, it is useful to examine models for both relative and excess risk, to provide a full description of the relationship between exposure factors and cancer under study, and bearing in mind that models (1) and (2) can both be interpreted under the multistage theory of carcinogenesis.
Under model (2), the excess risk is constrained to be positive (although of course it can be arbitrarily small), so the model cannot be used to represent a protective effect. However, theoretically, this appears to be a reasonable restriction, since a protective effect would be expected to act multiplicatively on an existing cancer risk. Furthermore, in the present work, the observed mortality is so much greater than the expected one that this. restriction would not appear to have any practical implication.
Equations (1) and (2) can be easily fitted using GLIM (Baker & Nelder, 1978) with appropriate user supplied macros (Kaldor et al., in press Under both models, the variable J produced the largest reduction in deviance, either by itself or in combination with other variables.
Other variables, however, had different effects under the two models. Under the multiplicative model (1), AF, together with J, explained most of the fitting, though a significant reduction was given significantly) above unity; excess risk, on the other hand, increased strongly with longer exposure. Conversely, relative risk dropped with time since last exposure, whereas excess risk was significantly larger in subjects who had stopped working ten years before.
Discussion
We have examined the effects of various factors on both relative risk and absolute excess risk of bladder cancer among workers at a dyestuff factory in Northern Italy exposed to aromatic amines in fairly constant working conditions from 1922 to 1970. Both relative risk and excess risk were clearly greater for workers directly involved in naphthylamine and benzidine and, (to a lesser extent, relative risk estimates being half that for naphthylamine and benzidine) fuchsin and safranine T manufacture, than for those with only intermittent exposure. When adjusted for duration and time since last exposure, the excess bladder cancer produced by aromatic amine exposure did not show a strong dependence on age at which workers had begun employment, though the excess risk was slightly elevated in those starting working at age 35 or older. This apparent effect of age at full exposure was more evident in men who were still employed when they died (though this interaction on a small series may be due to chance).
Under the multistage theory of carcinogenesis (Armitage & Doll, 1961; Day & Brown, 1980) , independence of the excess risk of age at first exposure would suggest an effect on one of the early stages. The relative risk, however, in the case of an early stage effect would be a decreasing function of age at first exposure: this was exactly what was borne out by the multiplicative model. Thus, the results derived both from model (1) and (2) are roughly consistent with the predictions of the multistage theory of carcinogenesis, if the effect of aromatic amine exposure was on one of the early stages. The effect of duration explains most of the excess risk under the additive model (2). This is consistent with an early stage effect, too. Under the multiplicative model, however, duration had only a moderate (and non significant) effect when allowance was made for age at first and time since last exposure. This is however, not surprising, since the absolute excess risk is an increasing function of duration, f(d), whereas the relative risk is a function of (d/t) where t is age (thus the sum of age at first exposure, duration, and time since last exposure) (Brown & Chu, 1983 From a purely numerical standpoint, both the multiplicative and the additive models appear to fit the data satisfactorily, and both models can be interpreted (though with some difficulties) under the multistage theory of carcinogenesis. Therefore, there appears to be no obvious choice between the multiplicative and the additive model.
Bladder cancer is related to cigarette smoking, (Surgeon General, 1982) , and the cohort under study showed an elevated risk (compared to national mortality rates) of several smoking related cancers: lung (observed/expected ratio= 1.8), larynx (O/E=3.6), and oesophagus (O/E=4.1) (Rubino et al., 1982) .
In this respect, the definition whether the effect of aromatic amine exposure and cigarette smoking on bladder cancer risk is additive rather than multiplicative has important implications for the calculation of lifetime risk estimates (Kaldor et al., in press ). In general, under the additive model the background bladder cancer rate has little effect on the lifetime risk estimates, whereas under the multiplicative model the individual's background rate substantially effects the estimate. bSee Table I for definition.
cThe models account for AF, D, TL effects only.
there for ten years, according to job category and smoking level, assuming that a non-smoker had half and a heavy-smoker twice the risk of the average Italian male.
